specified time intervals to determine bacterial survival. Near the turn of the century, Rideal and Walker (1903) made parallel tests on various concentrations of phenol simultaneously with other disinfectants, and were probably the first to attempt standardization of testing conditions. This resulted in the introduction of phenol as a basis for comparison of other germicides. It was several years later that Reddish (1926) , utilizing more advanced knowledge on such conditions as temperature, the number of bacteria, the age and resistance of bacterial cells, the nature and amount of culture medium, and the time of exposure, developed what is now known as the F.D.A. phenol coefficient test. This procedure was established as an official test by the U. S. Food and Drug Administration (1931) .
Although the phenol coefficient test has remained until today as the only "official" yardstick by which chemical germicides have been given a numerical value of bactericidal potency, it is argued by most workers in the field that this procedure is inappropriate for compounds other than phenolic derivatives (Klarmann and Wright, 1946; Pressman and Rhodes, 1946; Bernstein et al., 1946) . Before condemning this procedure, it would seem desirable to investigate the purpose for which the test is made. In the case of the quaternaries, the phenol coefficient procedure has been used as a control test for the quality of newly manufactured material or in the establishment of buyer and seller specifications. It has also had widespread usage as a research tool in the testing of new compounds. In the latter instance there can be no dispute that the test offers a good basis for comparing the bactericidal activity of a group of quaternary ammonium compounds.
Before determining whether or not the phenol coefficient test is a suitable vehicle for quality control work, it would be well to define what is needed in a good test method. It would seem appropriate that it meet the following requirements: (1) simplicity, (2) inexpensiveness, (3) accuracy, (4) reproducibility, (5) usefulness over a range, and (6) relation to the service the product is to perform. It is obvious that the phenol coefficient test meets requirements 1, 2, and 6. There is a possible criticism against the test under requirement 5, in that although it may be used against a variety of bacteria, its application is questionable when chemical compounds other than phenolic derivatives are investigated. In order to determine its suitability in this respect and whether it meets the other two requirements of accuracy and reproducibility, the investigation reported herewith was undertaken.
Procedure
The quaternary ammonium compound under consideration in this work was alkyl (CG-C,5) tolyl methyl trimethyl ammonium chloride' which is manufactured as a 50 per cent aqueous concentrate, and which has an established minimum phenol coefficient value of 125. Routine phenol coefficient tests against Salmonella typhosa were conducted upon each manufactured lot. Anyone connected with the phenol coefficient testing realizes the large number of "skips" and "wild plusses" obtained when this procedure is used on quaternary ammonium germicides, and how the results may vary on a given compound when tests are made on different days. For these reasons an attempt was made to resolve the following questions:
1 The foregoing analysis indicated that only two of the 139 batches produced and tested during the 3-year period were beyond the normal control limit for individuals, and only one of these two was "out of control" at an undesirably low value. These results are, however, only as critical as the test method and, if a method is not particularly critical, then a process may be similarly subject to wide variations without being recognized as such. It was worthy of notice that several (6) other batches were below the desired phenol coefficient level of 125, but were still considered to be within the "control limits" for the process. The data also indicate an average phenol coefficient of 180.4 for the 139 batches. With the establishment of a dosage/per cent effect curve, it then became a matter of formulating efficient test dosage and acceptance criteria for quality control purposes. As stated earlier, the primary purpose was to obtain, an evaluation procedure giving improved reproducibility and accuracy or, rather, one with a smallir standard deviation so that the variation in the methdd will be significantly lower than the variation in the product. ' This value of 181.55 is remarkably close to the 180.4 obtainec for the 3-year period.
In order to reduce the statistical computations to a minimum, the recently published method of Litchfield and Wilcoxon (1949) In the experiments conducted as a group on one day, the determination for phenol was not made in replicate. Examination of the values for the standard deviation would lead one to suspect that the variation occurring in making the test solutions is an important uncontrolled experimental variation, and one that should be investigated more completely.
It is also interesting to note that the standard deviations for the separate determinations on each of 9 In this particular instance, the evaluation procedure has more inherent variation in it for the most part than does factory production. When the analysis of variance indicated that no significant difference exists among the data obtained in the three sets of experiments, it was considered permissible to place all of the data into one group. The data thus accumulated were then evaluated as a dose-effect experiment according to the method of Litchfield and Wilcoxon (1949) . Only those observations made at the 10-minute interval were used, and one departure from the basic methodology was accepted, of necessity. In the present work, the dosages are not at a constant ratio from one to the next as is assumed in the derivation of the method. It is believed, however, that such a violation of the procedure is not a serious one (Wilcoxon, 1953) . In the future studies every effort should be taken to space the increased dosage levels at constant ratios from each other. Tables 3 and 4 contain the (Snedecor. 1950) significant at the 5 per cent level. The values are, however, too close to be positive evidence of non-parallelism. Several other lines, therefore, were drawn for both phenol and the quaternary, and in no instance was it possible to find a better fit as measured by the (chi)2 criteria.3
Accepting the foregoing findings (with a risk of about 1 chance in 20 of being in error), the lines for phenol and the quaternary are not parallel. This means that the results for the quaternary and phenol are not at a fixed ratio regardless of effectiveness level. It is, therefore, improper and incorrect to use the term phenol coefficient as though it were a potency factor and constant ii . q9. 
INTERPRETATION OF THE DATA
There are two features of a test method and evaluation procedure which are of prime interest in establishing control of a product's quality. The first is establishing that congdition which will flash a warning signal to indicate the time when a product begins to waver in its average quality or uniformity, and the second is knowing to what extent that quality has been changed. - Conventional quality control plans are ineffective in the evaluation of germicides. For example, currently used procedures are based on the thesis that the killing dilution of a quaternary can be accurately established and compared to the killing dilution for phenol. By referring to the data, and particularly the graphs, it may be seen that the highest concentration of phenol 
